Abstract The coordination chemistry of the 2-His-1-carboxylate facial triad mimics 3,3-bis(1-methylimidazol-2-yl) propionate (MIm 2 Pr) and 3,3-bis(1-ethyl-4-isopropylimidazol-2-yl) propionate (iPrEtIm 2 Pr) towards ZnCl 2 was studied both in solution and in the solid state. Different coordination modes were found depending both on the stoichiometry and on the ligand that was employed. In the 2:1 ligand-to-metal complex [Zn(MIm 2 Pr) 2 ], the ligand coordinates in a tridentate, tripodal N,N,O fashion similar to the 2-His-1-carboxylate facial triad. However, the 1:1 ligandto-metal complexes [Zn(MIm 2 Pr)Cl(H 2 O)] and [Zn(iPrEtIm 2 Pr)Cl] were crystallographically characterized and found to be polymeric in nature. A new, bridging coordination mode of the ligands was observed in both structures comprising N,N-bidentate coordination of the ligand to one zinc atom and O-monodentate coordination to a zinc second atom. A rather unique transformation of pyruvate into oxalate was found with [Zn(MIm 2 Pr)Cl], which resulted in the isolation of the new, oxalato bridged zinc coordination polymer [Zn 2 (MIm 2 Pr) 2 (ox)]Á6H 2 O, the structure of which was established by X-ray crystal structure determination.
Introduction
The 2-His-1-carboxylate facial triad is a structural motif of increasing prominence among structurally characterized metalloenzymes. Next to the rapidly growing subgroup of non-heme iron enzymes [1, 2] , several mononuclear zinc enzymes also feature this triad at their active site [3] . The proteases thermolysin, carboxypeptidase, and neutral protease, for example, catalyze the hydrolysis of peptide bonds. The zinc ion in these enzymes is coordinated by three endogenous residues, i.e., one glutamate and two histidine residues (Fig. 1) . The fourth coordination site of the pseudo-tetrahedral zinc center is occupied by a catalytically important water or hydroxide ligand. This 2-His-1-carboxylate facial triad is a variation of the most commonly observed structural motif for the active sites of zinccontaining enzymes. Typically, the tetrahedral zinc centers in these enzymes are bound by a combination of histidine (N), glutamate or aspartate (O) and/or cysteine (S) residues. The resulting N x O y S z donor set determines its biological function [3] . Accordingly, it is important to understand how a particular combination of donor groups modulates the reactivity of the Zn(II) metal center.
The study of small synthetic analogues has focused on establishing a basis for such a structure-function relationship for these mononuclear zinc-containing enzymes [3, 5] . Initially, pioneering studies by the groups of Vahrenkamp, Parkin, Kitajima, and others employed all-N donor ligands such as the trispyrazolylborates [6] [7] [8] . In order to obtain close structural models for the 2-His-1-carboxylate facial triad containing zinc enzymes, one would preferentially like to construct small analogues based on a tripodal N,N,O ligand framework that incorporates the biologically relevant donor groups. Of the complexes with a mixed N/O donor set reported to date [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , only a few make use of such tridentate, tripodal N,N,O carboxylato ligands. These tripodal ligands should be particularly well suited for the structural modeling of tetrahedral metal centers [23] . Dowling and Parkin [24] and Ghosh and Parkin [25] reported the first example of an N,N,O model complex with a carboxylato donor group, which resulted from the insertion of carbon dioxide into a borohydride bond. More recently, the groups of Burzlaff [9, 12] and Carrano [11, 18, 19] have reported studies on the zinc coordination chemistry of the bispyrazolylacetate ligand family. Beck et al. [9] , for instance, reported that a 2:1 ligand-zinc complex was obtained with bis(3,5-dimethylpyrazol-2-yl)acetate (bdmpza), a ligand closely related to 3,3-bis(1-methylimidazol-2-yl)propionate (MIm 2 Pr). These 2:1 complexes were obtained regardless of the ratio of reactants, i.e., even with stoichiometric amounts of ligand and zinc(II). Very recently, Friese et al. [22] constructed mononuclear zinc models via a new approach, i.e., by the use of sterically hindered carboxylato and N-donor ligand building blocks.
We have been studying the copper and iron coordination chemistry of the new ligand family of the substituted 3,3-bis(1-alkylimidazol-2-yl)propionates as accurate structural mimics of the 2-His-1-carboxylate facial triad [26] [27] [28] . These ligands incorporate the biologically relevant donor groups, i.e., two imidazoles and a carboxylate group, into a monoanionic, tripodal framework. Their general biomimetic potential has been illustrated by the structurally characterized copper [27, 28] and iron [26] complexes of these ligands. Here, our studies are expanded to the structural modeling of the zinc-containing enzymes and describe the zinc coordination chemistry of the ligands MIm 2 Pr and 3,3-bis(1-ethyl-4-isopropylimidazol-2-yl)propionate (iPrEtIm 2 Pr) (Fig. 2) . Furthermore, the attempted synthesis of zinc complexes with 3,3-bis(1-methylimidazol-2-yl)acetate (MIm 2 Ac), a direct analogue of the bispyrazolylacetates, is described. During the course of these studies, we found that zinc complexes of ligand MIm 2 Pr catalyze the unexpected and unprecedented conversion of pyruvate to oxalate in aqueous solution.
Materials and methods
Air-sensitive organic reactions were carried out under an atmosphere of dry, oxygen-free N 2 using standard Schlenk techniques. Tetrahydrofuran (THF) and diethyl ether were dried over sodium benzophenone ketyl and distilled under N 2 prior to use. Methanol was dried over magnesium methoxide and distilled under N 2 prior to use. 1 H and 13 C NMR spectra were recorded using a Varian AS400, a Varian Inova 300, or a Varian Mercury 200 spectrometer, operating at 25°C. IR spectra were recorded with a PerkinElmer Spectrum One Fourier transform IR instrument. Elemental microanalyses were carried out by the Microanalytisches Laboratorium Dornis & Kolbe, Mulheim a.d. Ruhr, Germany. ESI-MS spectra were recorded using a [27] , potassium 3,3-bis(1-ethyl-4-isopropylimidazol-2-yl)propionate (K[iPrEtIm 2 Pr]) [26] , and zinc bis(trimethylsilyl)amide [30] were prepared according to published procedures. All other chemicals were obtained commercially and used as received.
Benzyl bis(1-methylimidazol-2-yl)acetate
To a cooled solution of MIm 2 CH 2 (0.52 g, 3.0 mmol) in dry THF (50 mL) at -78°C was added dropwise a solution of n-butyl lithium in hexane (2.0 mL, 3.2 mmol). The reaction mixture was stirred for 1 h at -78°C, after which benzylchloroformate (1.19 mL, 3.5 mmol, 50 wt% solution in toluene) was added dropwise. During the addition, a white precipitate formed. The solution was allowed to warm to room temperature overnight. The reaction mixture was quenched with H 2 O (20 mL) and all volatiles were removed in vacuo. The aqueous layer was extracted with diethyl ether (4 · 20 mL) and the combined organic layers were dried over MgSO 4 , filtered and concentrated in vacuo. The crude oil was purified by column chromatography (SiO 2 , ethyl acetate-methanol 2:1). Benzyl bis(1-methylimidazol-2-yl)acetate (BnMIm 2 Ac) was isolated as a yellow oil in 62% yield (0.58 g, 1.9 mmol). 1 O (2 mL) were prepared. NMR tubes were filled with 0.1 mL of each stock solution and kept either at room temperature or heated to 50°C. The NMR samples were analyzed at different times after mixing the reagents. Before acquisition of the NMR spectrum, 0.4 mL D 2 O was added to the reaction mixture. Crystals usually deposited within 2 or 3 days in the NMR tube.
In the case of the catalytic runs, 0.1 mL of a solution containing 20 equiv of sodium pyruvate was added to 0.1 mL of the [Zn(MIm 2 Pr)Cl] stock solution and dimethyl sulfoxide (5 equiv, 11 lL) was added as an internal standard. The reaction mixture was kept at 50°C and the NMR spectrum was recorded with addition of 0.4 mL D 2 O after 24 h.
On a preparative scale, to a solution of ZnCl 2 (37 mg, 0.27 mmol) and K[MIm 2 Pr] (75 mg, 0.27 mmol) in H 2 O (10 mL) was added sodium pyruvate (30 mg, 0.27 mmol). The solution was heated to 50°C and gradually an offwhite precipitate was formed. After 1 week, the product was separated by centrifugation (29 mg, 31%). The IR spectrum of the product was identical to that of independently synthesized [Zn 2 (MIm 2 Pr) 2 
Results
As part of our efforts to study the coordination chemistry of the substituted 3,3-bis(1-alkylimidazol-2-yl)propionate ligand family, the complexes of MIm 2 Pr and iPrEtIm 2 Pr with ZnCl 2 were synthesized and structurally characterized (Fig. 2) . MIm 2 Pr is the parent ligand of the family and iPrEtIm 2 Pr offers the most steric hindrance of the ligands studied so far. The coordination chemistry of MIm 2 Pr and iPrEtIm 2 Pr with zinc was found to be stoichiometrydependent.
Zinc complexes of MIm 2 Pr
The formation of different species upon addition of either 0.5 or 1.0 equiv of ZnCl 2 to a solution of the potassium salt of MIm 2 Pr in D 2 O is evidenced by the respective 1 H NMR spectra in D 2 O (Fig. 3) .
All four resonances associated with ligand MIm 2 Pr (spectrum a) shifted upon addition of 0.5 equiv of ZnCl 2 (spectrum b). The observation of two sharp signals of equal intensity for the imidazole protons shows that all four imidazole groups are equivalent. This is indicative of symmetric binding of both ligands to the zinc ion. The resonances of the methyl groups and the methine proton at the bridging carbon shift downfield relative to the free ligand, whereas the propionate CH 2 protons shift upfield. Note that the methine proton resonance of the free ligand is hidden under the residual solvent signal in spectrum a. (Fig. 5) . As complex [Zn(MIm 2 Pr)Cl)] is insoluble in organic solvents, the variable-temperature NMR studies were limited to aqueous solutions, which restricted the temperature range that could be studied. Spectra were recorded in the range from 2 to 70°C. Figure 5 shows that at elevated temperatures two sharp imidazole resonances are observed. In the spectrum recorded at 70°C, the (small) coupling between the two imidazole protons H 1 and H 2 can also be discerned. The imidazole signal at higher field broadens upon cooling and ultimately splits into two separate (broad) resonances. This implies that at higher temperature the imidazole H 1 protons (Fig. 3 ) become magnetically equivalent, whereas at lower temperature exchange slows down with the result that decoalesence into two broad resonances occurs. This behavior can be tentatively explained by the possibility of two different spatial orientations of the imidazole rings with respect to the carboxylate group of a second ligand upon coordination to zinc (vide infra), which would result in nonequivalent imidazole H 1 protons at lower temperature. At higher temperatures these orientations average on the NMR timescale and only one signal is observed.
The Fig. 6 , with selected bond lengths and angles presented in Table 2 .
The single-crystal structure determination reveals that the structure of the metal complex is that of a coordination polymer. The zinc atom is coordinated by two 1-methylimidazole groups of one MIm 2 Pr ligand, while the carboxylato group of this ligand coordinates to a neighboring zinc atom. In this way an infinite one-dimensional chain parallel to the crystallographic c-axis is formed. The chlorido anion and a coordinated water molecule complete the coordination sphere around each zinc center and render it five-coordinate. Thus, a new, bridging coordination mode of MIm 2 Pr is observed in the structure of [Zn (MIm 2 Pr)Cl(H 2 O)] comprising N,N-bidentate coordination to one metal center and O-monodentate coorrdination to a second one. This coordination mode complements the alternative N,N,O-tridentate facial capping mode of the ligand, which is commonly observed for divalent transition metals [26, 27, 39] . The coordination geometry around the (11) The one-dimensional linear chains in Zn(MIm 2 Pr) Cl(H 2 O)] are interconnected via hydrogen-bonding interactions into a two-dimensional network (Fig. 7, Table 3 ). The water molecule binds via its two hydrogen atoms by hydrogen bonding to a carbonyl O and a chlorido anion as hydrogen acceptors of a [Zn(MIm 2 Pr)Cl(H 2 O)] molecule in a neighboring strand.
Zinc complexes of iPrEtIm 2 Pr
In order to assess the influence of the presence of steric bulk in the ligand framework, we also studied the zinc coordination chemistry of ligand iPrEtIm 2 Pr. The ethyl and isopropyl substituents of this ligand provide significant steric hindrance and, moreover, increase the solubility of its complexes in organic solvents. Fig. 9 .
Comparison of the 1 H NMR spectra of K[iPrEtIm 2 Pr] (Fig. 9, spectrum a) with that of an equimolar K[iPrEtIm 2 Pr]-ZnCl 2 mixture shows significant shifts pointing to the formation of a [Zn(iPrEtIm 2 Pr)Cl] complex (spectrum b). In the 1 H NMR spectrum of [Zn(iPrEtIm 2 Pr)Cl] one sharp resonance is observed for the imidazole protons at 6.99 ppm, which is shifted to lower field compared with that of the free ligand. The two imidazole rings are equivalent on the NMR timescale, suggesting that they are symmetrically bound to zinc. Importantly, the CH 2 resonance of the ethyl groups is shifted and split into two signals of equal intensity (4.20 and 4.32 ppm). Similarly, the methyl groups of the isopropyl substituent now appear as two doublets of equal intensity. These splittings confirm that the CH 2 (Et) and CH 3 (iPr) groupings contain diastereotopic protons and methyl groups, respectively. No splitting or change in multiplicity of the resonances associated with the propionate backbone is observed, which is indicative of mirror symmetry of the complex in solution. Although at first sight the NMR data would allow an assignment of the solution structure for [Zn(iPrEtIm 2 (Fig. 9, spectrum c) , a second species is formed next to the 1:1 complex [Zn(iPrEtIm 2 Pr)Cl]. The fact that two species are observed, indicates that an equilibrium is obtained, i.e., the clean formation of a symmetrical 2:1 iPrEtIm 2 Pr to zinc complex, as previously observed for MIm 2 Pr, does not occur. Further inspection of the 1 H NMR spectrum indicated that all resonances of the 1-ethyl-4-isopropylimidazole groups of the new species are split into two signals of equal intensity, e.g., the imidazole ring protons at 7.37 and 7.19 ppm. This suggests that the two 2+ cations. On the basis of these data, the structure of the new species is proposed to be a 2:1 ligand-to-zinc complex [Zn(iPrEtIm 2 Pr) 2 ] in which each ligand is coordinated via its carboxylate group and one imidazole group, resulting in a four-coordinated zinc(II) ion (Fig. 10) . The coordination of two of the three donor atoms in a 2:1 ligand-to-metal complex has also been observed with bulky N,N,S(thiolate) ligands in the complexes [Zn(L2S) 2 ] [L2SH is (3-tertbutyl-5-methyl-2-thiophenyl)bis (3,5- [42, 43] . The addition of a third equivalent of K[iPrEtIm 2 Attempted synthesis of a zinc bis(1-methylimidazol-2-yl) acetate complex Recently, the zinc coordination chemistry of bis(pyrazolyl) acetates (bpa) has been actively explored to mimic the 2-His-1-carboxylate facial triad found in several different zinc enzymes [9, 11, 12, 18, 19] . The backbone of bpa is more rigid than the backbone of the ligands MIm 2 Pr and iPrEtIm 2 Pr used in the present study. In particular, the bridging N,N-bidentate-O-monodentate coordination mode reported here is less favorable for bpa, for which a strong predisposition to an N,N,O facial capping mode is expected. The synthesis of zinc complexes of MIm 2 Ac would therefore be desirable, since it would allow a direct comparison of the respective pyrazole and imidazole donor groups (Fig. 11) .
We attempted the synthesis of ligand MIm 2 Ac, but found that the common synthetic procedure, i.e., lithiation of MIm 2 CH 2 followed by reaction with carbon dioxide [45] , did not result in product formation in acceptable yields. Instead, it was found that the ligand or an ester precursor of the ligand decarboxylates rather easily, as was also observed by Peters et al. [39] . The benzyl ester of bis(1-methylimidazol-2-yl)acetic acid (BnMIm 2 Ac), however, was sufficiently stable and could be isolated and purified after reaction of lithio bis(1-methylimidazol-2-yl)methane with benzylchloroformate. Since hydrolysis and hydrogenolysis of the ester moiety resulted in decomposition of the ligand, the 1:1 zinc dichloride complex with BnMIm 2 Ac was synthesized in the hope that autocatalytic ester hydrolysis by the zinc complex would yield the desired zinc bis (1-methylimidazol-2-yl)acetate complex. A similar approach, involving the autocatalytic saponification of a zinc bis(picolyl)glycine ethyl ester complex, has been reported by Abufarag and Vahrenkamp [46] .
The reaction of equimolar amounts of ZnCl 2 and BnMIm 2 Ac gave the complex [ZnCl 2 (BnMIm 2 Ac)] as a white powder in quantitative yield. The structure of [ZnCl 2 (BnMIm 2 Ac)] was determined by X-ray diffraction studies and showed the BnMIm 2 Ac ligand bound to the zinc center in an N,N-bidentate way (Fig. 12, top) . However, stirring of [ZnCl 2 (BnMIm 2 Ac)] in H 2 O at room temperature in an attempt to obtain [Zn(MIm 2 Ac)Cl] resulted in decomposition of the ligand and formation of [ZnCl 2 (MIm 2 CH 2 )], which was isolated as one of the decomposition products. [ZnCl 2 (MIm 2 CH 2 )] was also characterized crystallographically (Fig. 12, bottom) . On the basis of these findings, it was concluded that the MIm 2 Ac monoanion is too unstable for practical studies and the pursuit of this ligand was abandoned.
Reaction of [Zn(MIm2Pr)Cl] with sodium pyruvate: oxalate formation
In an attempt to prevent the formation of coordination polymers of MIm 2 Pr and to obtain mononuclear complexes with the desired N,N,O facial capping mode of the ligand, several different monoanionic, bidendate coligands were used. In the course of this study, we also investigated the reaction of [Zn(MIm 2 Pr)Cl] with sodium pyruvate. However, when the mixture of [Zn(MIm 2 Pr)Cl] and pyruvate in D 2 O was followed in time by NMR spectroscopy, the gradual decrease in intensity of the signal of the pyruvate methyl group was noticed until it ultimately disappeared (Fig. 13, bottom spectrum) . After several days colorless crystals suitable for X-ray diffraction studies were formed in the NMR tube. To our surprise, the X-ray crystal structure showed the structure of the zinc complex [Zn 2 (MIm 2 Pr) 2 Fig. 14 , with selected bond lengths and angles presented in Table 5 . 1 The polymeric structure of [Zn 2 (MIm 2 Pr) 2 The coordination geometry around each zinc center is best described as a severely distorted trigonal bipyramid, with s values of 0.60 and 0.59 for Zn1 and Zn2, respectively [40] . The equatorial positions are occupied by N24b/ N14, and the anionic carboxylato O11/O21 and oxalato O32/O42 ligands for Zn1/Zn2, respectively. The axial positions are occupied by O31/O41 of the oxalato group and imidazole N22b/N12 for Zn1/Zn2 [O-Zn-N angles of 161.43(9)°/160.51(8)°]. The planar oxalato moieties are rather asymmetrically bound to the metal centers, with the Zn1-O31 and Zn1-O32 distances amounting to 2.258(2) and 2.018(2) Å , for instance. This asymmetry has also been observed in other bisbidentate bridged zinc-oxalato complexes with five-coordinated metal centers and is consistent with the occupation of one equatorial and one axial site of the trigonal bipyramid [10, 48] . The shortest ZnÁÁÁZn distances via the bridging oxalato group are 5.5667(7) Å for Zn1ÁÁÁZn1d and 5.5332 (7) stabilized by 14 different hydrogen-bonding interactions, which involve the cocrystallized water molecules, the oxalato bridges, and the carboxylato groups (Fig. 15) . The oxalato groups are, for instance, involved in two chelated, three-centered hydrogen bonds with two water molecules via four O-HÁÁÁO hydrogen bonds.
Discussion
The aim of this investigation was to explore the biomimetic modeling potential of the MIm 2 Pr ligand family with respect to mononuclear zinc enzymes featuring the 2-His-1-carboxylate facial triad. Complex [Zn(MImPr) 2 ] shows that the facial capping mode of MIm 2 Pr, as earlier observed with copper [27, 28] and iron (Bruijnincx et al., submitted) [26] , is also accessible for zinc. The crystal structure of the 1:1 complex [Zn(MIm 2 Pr)Cl(H 2 O)], however, shows that MIm 2 Pr can also adopt other coordination modes. The formation of the oligomeric/polymeric structure of [Zn(MIm 2 Pr)Cl], both in solution and in the solid state, can be attributed to the flexibility of the ligand due to the CH 2 spacer of the propionate backbone. The formation of polymeric [Zn(MIm 2 Pr)Cl(H 2 O)] is further aided by the insolubility of the resulting coordination polymer. Two strategies were explored to circumvent polymer formation, i.e., increasing the steric bulk of the ligand and elimination of the CH 2 spacer. The latter approach demanded the synthesis of the bis(1-methylimidazol-2-yl)acetate analogue of MIm 2 Pr, which was found to be rather unstable and its zinc complexes could not be obtained. The effect of more steric bulk was studied with iPrEtIm 2 Pr, which contains the sterically more demanding isopropyl and ethyl substituents. Zinc complexes of iPrEtIm 2 Concomitantly, a precipitate was observed in the NMR tube. However, the composition of this precipitate, i.e., the formation of oxalate, could not be unambiguously established. Since it is known that pyruvate keto-enol tautomerization is catalyzed by divalent metal ions such as Zn(II) [52, 53] , the disappearance of the methyl signal could in principle also be attributed to consecutive H/D-exchange steps. This would yield the deuterated pyruvate-d 3 anion, which is also invisible in 1 H NMR spectroscopy. To be able to exclude this possibility, experiments were performed in H 2 O and samples were diluted with 2 equiv of D 2 O just before the measurement. The same observations were made as previously, i.e., gradual disappearance of the methyl signal and slow crystallization of the product in the NMR tube. The presence of appreciable amounts of enolate should also lead to the detection of the dimerization product of pyruvate [52, 53] . This pyruvate dimer, which results from an aldol condensation reaction and has characteristic signals at 1.38 (singlet) and 3.35 (AB pattern) ppm [52] [53] [54] , was not observed under these conditions.
Phenyl pyruvic acid (and other a-ketoacids) is oxidized by molecular oxygen to give benzaldehyde and oxalate or the carbon oxides (CO and/or CO 2 ) [55, 56] . This reaction is catalyzed by several metal ions, such as Mn(II), Fe(II), and Cu(II), but not by Zn(II) [57, 58] , and has been attributed to the presence of the enol tautomer, which is capable of reacting with dioxygen [61] . In the absence of dioxygen, i.e., under an Ar atmosphere, pyruvate does react with [Zn(MIm 2 Pr)Cl] to form oxalate. The anaerobic reactivity cannot be attributed to any residual dioxygen traces, since phenyl pyruvate (a substrate more prone to the reaction with dioxygen) did not show any reactivity under these conditions.
The observed conversion of pyruvate to oxalate under anaerobic conditions clearly places it outside previously observed formation of oxalate from oxidative transformations of a-keto acids [55, 56, [59] [60] [61] [62] [63] . The observation is important, since pyruvate is a major metabolic junction and it is therefore of prime importance to understand its reactivity. At present no biological counterpart has been reported for the pyruvate-oxalate conversion catalyzed by [Zn(MIm 2 Pr)Cl]. The chemical transformation as reported here, however, takes place at room temperature and physiological pH and should therefore be considered as a possible alternative pathway in the reactivity of pyruvate. The mechanism of this conversion is currently not clear. No other products could be detected by NMR during the reaction, which precludes the formulation of a mass balance for the reaction and clearly hampers a mechanistic interpretation. In any case, the pyruvate to oxalate conversion requires the scission of a C-C bond. On the other hand, the reactivity of zinc enzymes and their model complexes is often of hydrolytic nature. This can be attributed to the generation of a nucleophilic hydroxide species and/or the activation of a coordinated substrate towards attack of such a nucleophile [3] . The formation of oxalate from pyruvate via a hydrolytic mechanism is, however, difficult to envision. Further investigations have to be performed to address the mechanistic questions concerning this transformation.
Conclusions
The difference in applied steric bulk by the ligands MIm 2 Pr and iPrEtIm 2 Pr is reflected in the coordination chemistry of the two ligands towards ZnCl 2 . Octahedral (MIm 2 Pr) versus tetrahedral (iPrEtIm 2 Pr) and trigonal pyramidal (MIm 2 Pr) versus tetrahedral (iPrEtIm 2 Pr) coordination geometries were obtained in the 1:1 and 2:1 ligand-tometal complexes, respectively. The bridging binding mode of the two crystallographically characterized coordination polymers illustrates the intrinsic flexibility of the 3,3-bis(imidazol-2-yl)propionate ligand framework. The polymeric nature of the complexes could limit their biological relevance with respect to the 2-His-1-carboxylate facial triad in the case of zinc. On the other hand, attempts aimed at obtaining structurally more faithful mononuclear complexes led to the observation of the unprecedented Zn-mediated pyruvate to oxalate conversion. This new, nonoxidative transformation of an important metabolic junction is intriguing and warrants further investigation.
